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sPECFicATiON^^^O 10 MAY 2886. 

HIGH-FREQUENCY AMPLIFIER 

TECHNICAL FIELD 

[0001] 

The present invention relates to a high-frequency amplifier, and more 
particularly, to a high-frequency amplifier which can amplify an input signal in a 
plurality of different frequency bands. 
BACKGROUND ART 
[0002] 

In recent years, a need exists for handling RF signals in a plurality of 
frequency bands with a single terminal in a portable telephone and a wireless 
local area network (LAN) system. Conventionally, as a high-frequency (RF) 

amplifier for use in such an application, amplifiers 11,12 1n and impedance 

conversion circuits 21, 22, 2n have been generally provided in parallel one 
by one exclusively for each of respective frequency bands f1, f2, .... fn having 
RF signals, for example, as illustrated in Fig. 1. 
[0003] 

In the configuration illustrated in Fig. 1, since amplifiers 11, 12, .... 1n 
are provided in parallel exclusively for each of the frequency bands, the number 
of parts for dedicated amplifiers 11, 12, .... 1n have increased together with an 
increase in RF signals in frequency bands different from one another, causing a 
problem that the size of the area needed for mounting the parts has increased 
as well as the cost of the entire amplifier. 
[0004] 

For solving the problem as mentioned above, there is a technique 
which amplifies RF signals in two frequency bands with a single amplifier, as 
disclosed, for example, in JP-A-1 1-97946. Describing the technique disclosed 
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in this official publication with the same reference numerals given to parts 
common to Fig. 1 , the output of amplifier 1 between impedance matching circuit 
2 and impedance conversion circuits 21 , 22 is switched by switch circuit 5 to 
amplify RF signals in two frequency bands as illustrated in Fig. 2, or is switched 
5 by first bandpass filter 61 and second bandpass filter 62 to amplify RF signals in 
two frequency bands as illustrated in Fig. 3. 
DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 
[0005] 

10 The technique disclosed in JP-A-1 1-97946 branches RF signals in 

different frequency bands at the output terminal of low-impedance amplifier 1 
using switch circuit 5 shown in Fig. 5 or first bandpass filter 61 and second 
bandpass filter 62 shown in Fig. 2, thus causing a problem of increased 
influences resulting from a loss in switch circuit 5 or first bandpass filter 61 and 

15 second bandpass filter 62. 
[0006] 

Specifically, in the technique which branches RF signals in 
respective frequency bands by switch circuit 5 or by first bandpass filter 61 and 
second bandpass filter 62, an attempt to branch RF signals in three or more 
20 frequency bands, in particular, tends to cause a larger loss as a plurality of RF 
signals to be branched is increased. 
[0007] 

A problem that the present invention intends to solve is to prevent 
increased degradation in characteristics of the amplifier due to increased loss 
25 which occurs when an attempt is made to amplify RF signals in a plurality of 
frequency bands by a single amplifier and to branch the RF signals in 
respective frequency bands. 
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MEANS FOR SOLVING PROBLEM 
[0008] 

A high-frequency amplifier of the present invention is characterized 
by comprising: 

5 first amplifying means for amplifying an input signal having a plurality 

of different frequency bands; 

a plurality of first branching means each for branching the amplified 
signal in the plurality of frequency bands into a signal in the highest frequency 
band and into a signal that includes the remaining frequency bands; and 
10 a plurality of first impedance converting means each for converting 

the branched signal in the highest frequency band to a load impedance of an 
output terminal, 

wherein the branching in accordance with the level of the frequency 
band and the conversion to the load impedance are performed in order from the 
15 highest frequency band to the lowest frequency band. 
[0009] 

In this event, the high-frequency amplifier may comprise: 

second amplifying means for amplifying an input signal having a 
plurality of different frequency bands; 
20 a plurality of second branching means each for branching the 

amplified signal in the plurality of frequency bands into a signal in the highest 
frequency band and a signal having the remaining frequency bands; and 

a plurality of second impedance converting means each for 
converting the branched signal in the highest frequency band to a signal source 
25 impedance of an input terminal, 

wherein the branching in accordance with the level of the frequency 
band and conversion to the signal source impedance are performed in order 
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from the highest frequency band to the lowest frequency band. 
[0010] 

A high-frequency amplifier according to another aspect of the present 
invention is characterized by comprising: 
5 second amplifying means for amplifying an input signal having a 

plurality of different frequency bands; 

a plurality of second branching means each for branching the 
amplified signal in the plurality of frequency bands into a signal in the highest 
frequency band and a signal having the remaining frequency bands; and 
10 a plurality of second impedance converting means each for 

converting the branched signal in the highest frequency band to a signal source 
impedance of an input terminal, 

wherein the branching in accordance with the level of the frequency 
band and conversion to the signal source impedance are performed in order 
15 from the highest frequency band to the lowest frequency band. 
[0011] 

In this event, the number of the plurality of different frequency bands 
may be three or more. 
[0012] 

20 Also, the first amplifying means and second amplifying means may 

be connected in cascade, and the first branching means and first impedance 
converting means may be provided between the first amplifying means and 
second amplifying means. 
[0013] 

25 Also, the first amplifying means and second amplifying means may 

be connected in cascade, and the second branching means and second 
impedance converting means may be provided between the first amplifying 



means and second amplifying means. 
[0014] 

Also, at least one auxiliary amplifier may be provided between the 
first branching means and an output terminal. 
[0015] 

Also, at least one auxiliary amplifier may be provided between the 
second branching means and an input terminal. 
[0016] 

Also, the first impedance converting means may commonly convert 
signals in at least two frequency bands to a high impedance. 
[0017] 

Also, the second impedance converting means may commonly 
convert signals in at least two frequency bands to a high impedance. 
[0018] 

Also, an auxiliary impedance conversion circuit may be provided 
between the first branching means and an output terminal. 
[0019] 

Also, an auxiliary impedance conversion circuit may be provided 
between the second branching means and an output terminal. 
[0020] 

Also, the first branching means may comprise high-pass filters and 
low pass filters. 
[0021] 

Also, the second branching means may comprise high-pass filters 
and low pass filters. 
[0022] 

Also, at least one of the low-pass filters may be configured to 
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selectively increase the impedance for a signal in high frequency bands 

branched by a high-pass filter which is paired therewith. 

[0023] 

Also, at least one of the high-pass filters may be configured to 
5 selectively ground the signal in the highest frequency band of the signal 
branched by a low-pass filter which is paired therewith. 
[0024] 

Also, the first branching means may comprise switches using field 
effect transistors. 
10 [0025] 

Also, the second branching means may comprise switches using 
field effect transistors. 
[0026] 

Also, the first branching means may comprise switches using PIN 

15 diodes. 
[0027] 

Also, the second branching means may comprise switches using PIN 

diodes. 
[0028] 

20 Also, the high-frequency amplifier may comprise a switch provided 

between an output terminal corresponding to the frequency band and a ground, 
and grounding means operative, when a signal in a frequency band is amplified 
and transmitted from the output terminal to a load side, to ground at least one of 
output terminals corresponding to the remaining frequency bands through the 

25 switch. 
[0029] 

Also, the grounding means may comprise a switch using a field effect 
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transistor. 
[0030] 

Also, the grounding means may comprise a switch using a PIN 

diode. 
5 [0031] 

Also, when the signal in the plurality of different frequency bands 
includes a signal in a first frequency band and a second frequency band 
included in a range that is 1 .5 to 2.5 times as high as the first frequency band, 
an output terminal of the second frequency band may be grounded by the 
10 grounding means when the amplified signal in the first frequency band is being 
transmitted from an output terminal to the load side. 
[0032] 

Also, a switch may be provided between the output terminal 
corresponding to the frequency band and the ground through a transmission 

15 line having the same characteristic impedance as the load impedance, wherein 
the transmission line has a length which may be determined such that an 
impedance when the load side is viewed from an output terminal of the first 
amplifying means establishes a short-circuit condition in the frequency band 
when the switch is turned on to connect to the ground. 

20 EFFECT OF THE INVENTION 
[0033] 

In the high-frequency amplifier of the present invention, the 
branching in accordance with the level of the frequency band and conversion to 
the load impedance are performed in order from the highest frequency band to 
25 the lowest frequency band, thus making it possible to convert each signal to a 
target impedance, and to reduce the influence caused by to signal losses, even 
if the amplifier branches a signal having a plurality of frequency bands amplified 
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by a single amplifier. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] 

[Fig. 1] 

5 A diagram illustrating an example of a conventional high-frequency 

amplifier. 
[Fig. 2] 

A diagram illustrating another example of a conventional 
high-frequency amplifier. 
10 [Fig. 3] 

A diagram illustrating another example of a conventional 
high-frequency amplifier. 
[Fig. 4] 

A diagram illustrating Embodiment 1 of a high frequency amplifier of 
15 the present invention. 
[Fig. 5] 

A diagram illustrating Embodiment 2 of the high frequency amplifier 
of the present invention. 
[Fig. 6] 

20 A Smith chart for describing impedances at point A, point B, and 

point C in Fig. 5. 
[Fig. 7] 

A Smith chart for describing impedances at point A, point B, point D, 
and point E in Fig. 5. 
25 [Fig. 8] 

A Smith chart for describing impedances at point A, point B, point D, 
and point F in Fig. 5. 
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[Fig. 9] 

A diagram illustrating Embodiment 3 where the configuration of the 
high-frequency amplifier of Fig. 5 is modified . 
[Fig. 10] 

5 A diagram showing a reflection characteristic at point C and a pass 

characteristic from point A to point C in Fig. 9. 
[Fig. 11] 

A diagram showing a reflection characteristic at point E and a pass 
characteristic from point A to point E in Fig. 9. 
10 [Fig. 12] 

A diagram showing a reflection characteristic at point F and a pass 
characteristic from point A to point F in Fig. 9. 
[Fig. 13] 

A diagram illustrating Embodiment 4 where the configuration of the 
15 high-frequency amplifier of Fig. 4 is modified. 
[Fig. 14] 

A diagram illustrating Embodiment 5 where the configuration of the 
high-frequency amplifier of Fig. 9 is modified. 
[Fig. 15] 

20 A Smith chart for describing an impedance when a load side viewed 

from point A in Fig. 9. 
[Fig. 16] 

A Smith chart for describing an impedance when a load side viewed 
from point A in Fig. 14. 
25 [Fig. 17] 

A diagram showing an output power characteristic for describing a 
secondary effect of Embodiment 5. 
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[Fig. 18] 

A diagram illustrating Embodiment 6 where the configuration of the 
high-frequency amplifier of Fig. 14 is modified. 
[Fig. 19] 

A diagram illustrating Embodiment 7, in which the configuration of the 
Fig. 5 is modified. 
[Fig. 20] 

A diagram illustrating Embodiment 8, in which the configuration of the 
Fig. 4 is modified. 
[Fig. 21] 

A diagram illustrating Embodiment 9, in which the configuration of the 
Fig. 4 is modified. 
[Fig. 22] 

A diagram illustrating Embodiment 10, in which the configuration of 
the Fig. 4 is modified. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0035] 

The present invention amplifies RF signals in a plurality of frequency 
bands, i.e, RF signals have n different frequencies (f1>f2>...>fm>...>fn) 
amplified by a single amplifier, by performing, up to the lowest frequency fn, a 
conversion to a high impedance and branching in accordance with the level of 
the frequency, such as a conversion of the RF signals to a higher impedance 
than the output impedance of the amplifier and subsequent branching into the 
RF signal at the highest frequency f1 and RF signals including frequencies 
lower than that, a conversion of the RF signals including the frequencies lower 
than frequency f 1 to an impedance higher than the output impedance of the 
amplifier and subsequent branching into the RF signal at the highest frequency 
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f2 and RF signals including frequencies lower than that, and so on. 
[0036] 

Next, embodiments of the present invention will be described in detail 
with reference to the drawings. 
5 [0037] 

(Embodiment 1) 

Fig. 4 is a diagram illustrating a first embodiment of a high-frequency 
amplifier according to the present invention. 
[0038] 

10 As illustrated in Fig. 4, the high-frequency amplifier of this 

embodiment comprises amplifier 1 , impedance matching circuit 2, impedance 
conversion circuits 21, 22, 23, auxiliary impedance conversion circuits 7n, 

high-pass filters 31, 32, 33, and low-pass filters 41, 42, 43 

[0039] 

15 Impedance matching circuit 2 matches the impedance for an RF 

signal including n different frequencies (f1>f2>...>fm>...>fn) applied through an 

input terminal. 

[0040] 

Amplifier 1 , as first amplifying means, amplifies the RF signal 
20 including the n different frequencies (f1 >f2>. ..>fm>...>fn), the impedance of 
which has been matched by impedance matching circuit 2. 
[0041] 

Impedance conversion circuit 21 converts the RF signal including the 
n different frequencies (f1>f2>...>fm>...>fn) amplified by amplifier 1 to an 
25 impedance higher than the output impedance of amplifier 1 and lower than a 
load impedance (for example, 50 ohms). 
[0042] 



-12- 



Impedance conversion circuit 22 converts the RF signal having 
frequencies lower than frequency f1 , branched by low-pass filter 41 , to a high 
impedance (£load impedance, for example, 50 ohms). 
[0043] 

Impedance conversion circuit 23 converts the RF signal at 
frequencies lower than frequency f2, branched by low-pass filter 42, to a high 
impedance (<load impedance, for example, 50 ohms). 
[0044] 

The impedance conversion circuits and low-pass filters are used in 
combination, and Fig. 4 illustrates the configuration that has up to three sets of 
impedance conversion circuits 21 - 23 and low-pass filters 41 - 43, but the 
configuration includes more stages such that an RF signal at frequencies lower 
than a frequency branched by a low-pass filter of the previous stage is 
converted to a high impedance by an impedance conversion circuit. 
[0045] 

Auxiliary impedance conversion circuit 7n converts the RF signal at 
the lowest frequency fn, branched by a low pass filter, not shown, of the 
previous stage, to the load impedance (for example, 50 ohms). These 
impedance conversion circuits 21, 22, 23, ... and auxiliary impedance 
conversion circuit 7n make up first impedance converting means. 
[0046] 

High-pass filter 31 passes frequency f1 which has been converted to 
an impedance (<load impedance, for example, 50 ohms) higher than the output 
impedance of amplifier 1 by impedance conversion circuit 21 . In this event, if 
the impedance for frequency f1 is still lower than the load impedance, high-pass 
filter 31 performs a further impedance conversion for matching to the load 
impedance. High-pass filter 32 passes frequency f2 which has been converted 
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to a high impedance (£load impedance, for example, 50 ohms) by impedance 
conversion circuit 22. In this event, if the impedance for f2 is still lower than 
the load impedance, high-pass filter 32 performs a further impedance 
conversion for matching to the load impedance. 
5 [0047] 

High-pass filter 33 passes frequency f3 which has been converted to 
a high impedance (sload impedance, for example, 50 ohms) by impedance 
conversion circuit 23. In this event, if the impedance for frequency f3 is still 
lower than the load impedance, high-pass filter 33 performs a further 
10 impedance conversion for matching to the load impedance. 
[0048] 

Low-pass filter 41 passes the RF signal that has frequencies lower 
than frequency f 1 which have been converted to an impedance (<load 
impedance, for example, 50 ohms) higher than the output impedance of 

15 amplifier 1 by impedance conversion circuit 21 . Low-pass filter 42 passes the 
RF signal having frequencies lower than frequency f2 which have been 
converted to a high impedance (£load impedance, for example, 50 ohms) by 
impedance conversion circuit 22. Low-pass filter 43 passes the RF signal 
including frequencies lower than frequency f3 which has been converted to a 

20 high impedance (<load impedance, for example, 50 ohms) by impedance 
conversion circuit 23. These high-pass filters 32, 32, 33, and low-pass 

filters 41, 42, 43 make up first branching means. 

[0049] 

Specifically, in Embodiment 1, RF signals in a plurality of frequency 
25 bands are amplified by performing a conversion to a high impedance and 
branching in accordance with the levels of the frequencies, involving the 
conversion of an RF signal having n different frequencies (f1>f2>...>fm>...>fn) 
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amplified by a single amplifier to an impedance (<load impedance, for example, 
50 ohms) higher than the output impedance of the amplifier and subsequent 
branching into the RF signal at the highest frequency f1 and RF signals having 
frequencies lower than that, a conversion of the RF signals having the 
5 frequencies lower than frequency f1 to the impedance (<load impedance, for 
example, 50 ohms) that is higher than the output impedance of the amplifier and 
subsequent branching into the RF signal at the highest frequency f2 and RF 
signals having frequencies lower than that, and so on, up to the lowest 
frequency fn, and the impedance is further matched, for example, to 50 ohms 
1 0 for each of the branched frequencies. 
[0050] 

While the impedance to be matched is herein set to 50 ohms, this is 
simply an example, and it should be understood that another value higher than 
the output impedance of amplifier 1 may be used instead. Also, while 
15 impedance conversion circuits 21 , 22, 23, ... are provided at stages previous to 

filters 31, 32, 33, ... and low-pass filters 41, 42, 43 impedance conversion 

circuits 21, 22, 23 may be provided on the output side of high-pass filters 31, 32, 

33, without being limited to the foregoing. 

[0051] 

20 Further, other auxiliary impedance conversion circuits may be added 

on the output side of high-pass filters 31 , 32, 33 Also, while impedance 

conversion circuits 21 , 22, 23, ... and auxiliary impedance circuit 7n are 
provided at stages previous to high-pass filters 31, 32, 33, ... and low-pass 
filters 41, 42, 43, .... impedance conversion circuits 22, 23, ... and auxiliary 

25 impedance conversion circuit 7n, other than impedance conversion circuit 21 , 
may be omitted depending on the condition of the circuit. 
[0052] 
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Next, a description will be given of the action of the high-frequency 
amplifier configured as described above. 
[0053] 

First, as an RF signal having n different frequencies 
5 (f1>f2>...>fm>...>fn) are applied through the input terminal, the impedance of 
the RF signal is matched over a wide band by impedance matching circuit 2, 
and is then amplified by amplifier 1 . The RF signal amplified by amplifier 1 is 
converted to an impedance (<load impedance, for example, 50 ohms) higher 
than the output impedance of amplifier 1 by impedance conversion circuit 21, 

10 and the RF signal at the highest frequency f1 is delivered through high-pass 
filter 31 . In this event, if the impedance for f1 is still lower than the load 
impedance, high-pass filter 31 performs a further impedance conversion to 
match it to the load impedance. Further, the RF signal having frequencies 
lower than frequency f1 is converted to a high impedance (<load impedance, for 

15 example, 50 ohms) by impedance conversion circuit 22 after it has passed 
low-pass filter 41. 
[0054] 

The highest frequency f2, which has been converted to a high 
impedance (<load impedance, for example, 50 ohms) by impedance conversion 

20 circuit 22, is delivered through high-pass filter 32. In this event, if the 

impedance for f2 is still lower than the load impedance, high-pass filter 32 
performs a further impedance conversion to match it to the load impedance. 
Further, the RF signal having frequencies lower than frequency f2 is converted 
to a high impedance (<load impedance, for example, 50 ohms) by impedance 

25 conversion circuit 23 after it has passed low-pass filter 42. 
[0055] 

The highest frequency f3, which has been converted to a high 
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impedance (<load impedance, for example, 50 ohms) by impedance conversion 
circuit 23, is delivered through high-pass filter 33. In this event, if the 
impedance for f3 is still lower than the load impedance, high-pass filter 33 
performs a further impedance conversion to match it to the load impedance. 
5 After the RF signal having frequencies lower than frequency f3 has passed 
low-pass filter 43, the RF signal is converted to a high impedance (<load 
impedance, for example, 50 ohms) by an impedance conversion circuit, not 
shown, at a subsequent stage. 
[0056] 

10 In this way, the impedance is matched to 50 ohms for each of the 

frequencies by sequentially performing the conversion to a high impedance 
(<load impedance, for example, 50 ohms) and by branching in accordance with 
the level of the frequency. 
[0057] 

15 Here, when impedance conversion circuits 21, 22, 23, 2n are filter 

circuits each composed of an inductor (L) and a capacitor (C), and when each 
frequency is converted from a lower impedance to a higher impedance, the 
impedance is a function of the frequency in which the higher the frequency 
higher is the impedance conversion ratio for the same LC circuit . For example, 

20 impedance ZA when amplifier 1 is viewed from point A in Fig. 4 is a function of 
the frequency, where ZA(f1)>ZA(f2)> ... >ZA(fm) ... >ZA(fn) for frequencies f1, 
f2, ...,fn (fl>f2> ... >fm>. >fn). 
[0058] 

Therefore, as illustrated in Fig. 4, even if an RF signal having n 
25 different frequencies (f1>f2>. . >fm>.. >fn) is branched, each RF signal can be 
extracted with a small loss by employing the configuration which sequentially 
branches the RF signal from the highest frequency, converts m-th frequencies 



fm (m=2, 3 n) to gradually higher impedances by impedance conversion 

circuits 21, 22 2m, low-pass filters 41, 42, ... 4(m-1), and high-pass filter 

3m, and eventually matches each frequency to 50 ohms. 
[0059] 

Also, a higher RF signal, which suffers from a larger loss caused by 
the signal passing impedance conversion circuits 21, 22, .... 2n high-pass filters 
31, 32, ...3n, and low-pass filters 41, 42, ...4n, passes a smaller number of 
stages of impedance conversion circuits 21, 22, 23, ...2n, high-pass filters 31, 
32,...3n, and low-pass filters 41 , 42, ...4n, and this is advantageous for reducing 
RF signal loss. 
[0060] 

Alternatively, a resonator circuit may be introduced into m-th 
low-pass filter 4m such that the impedance is selectively increased for m-th 
frequency fm, and a resonator circuit may be introduced into m-th high-pass 
filter 3m such that (m+1)th frequency fm+1 is selectively grounded. In this 
configuration, the RF signal in each frequency band can be separated without 
fail, thereby eliminating leakage of signals at different frequencies to other 
terminals. 
[0061] 

As described above, in Embodiment 1, for an RF signal having n 
different frequencies (f1>f2>...>fm>...>fn) and amplified by a single amplifier, 
conversion to a high impedance and branching in accordance with the level of 
the frequency are performed up to the lowest frequency fn in such a manner 
that the RF signal is converted to an impedance higher than the output 
impedance of amplifier 1 and then is branched into an RF signal at the highest 
frequency f1 and into an RF signal having frequencies lower than that; the RF 
signal having the frequencies lower than frequency f1 is converted to an 
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impedance higher than the output impedance of amplifier 1, and is then 
branched into an RF signal at the highest frequency f2 and into an RF signal 
having frequencies lower than that, and so on, up to the lowest frequency fn, 
and the impedance is matched individually for each of the branched frequencies, 
5 so that signals having a plurality of frequency bands amplified by single 
amplifier 1 can be efficiently branched and amplified with a minimum loss. 
[0062] 

Also, because a signal having a plurality of frequency bands 
amplified by single amplifier 1 can be extracted with a minimum loss, dedicated 
10 amplifiers need not be provided in parallel for each of the respective frequency 
bands of the RF signal, thus solving the problem of an increase in the size of 
the mounting area and increased cost of the amplifier due to an increased 
number of parts and the like of the amplifier. 
[0063] 

15 Also, a higher RF signal, which suffers from a larger loss caused by 

signal passing impedance conversion circuits 21, 22, 2n high-pass filters 31, 
32, ...3n, and low-pass filters 41, 42, ...4n, passes a smaller number of stages 
so that amplifier 1 can be less affected by loss due to impedance conversion 
circuits 21, 22, 23, ...2n, high-pass filters 31, 32, ...3n, and low-pass filters 41, 

20 42, ...4n, and consequently have improved performance. 
[0064] 

Since the high-frequency amplifier is configured to perform 
conversion to a high impedance and branching in accordance with the level of 
the frequency up to the lowest frequency fn, the high-frequency amplifier is not 
25 limited in the number of frequency bands which can be amplified, and can 
therefore be applied to a variety of applications. 
[0065] 
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(Second Embodiment) 

Fig. 5 is a diagram illustrating Embodiment 2 that shows the 
high-frequency amplifier of the present invention, and Figs. 6 - 8 are Smith 
charts for describing the impedances at respective points A - F in Fig. 5. In the 
5 figures described below, parts common to Fig. 4 are designated the same 
reference numerals, and repeated descriptions will be omitted. 
[0066] 

Fig. 5 illustrates an exemplary configuration of the output side of 
amplifier 1 in Fig. 4, showing that impedance conversion circuit 21, high-pass 
10 filters 31 , 32, and low-pass filters 41 , 42 are provided to match an RF signal 
having three frequencies f 1 , f2, f3 (f 1 >f2>f3), for example, to 50 ohms. Here, 
assume for example that frequency f 1=5.2 GHz, frequency f2=2.4 GHz, and 
frequency f3=1 .8 GHz. 
[0067] 

15 In such a configuration, from the RF signal having three frequencies 

f1, f2, f3 converted to a high impedance by impedance conversion circuit 21, 
frequency f1 passes high-pass filter 31, has its impedance matched to 50 ohms, 
and outputted. As to frequencies f2, f3, after passing low-pass filter 41 , 
frequency f2 passes high-pass filter 32, has its impedance matched to 50 ohms, 

20 and outputted. Frequency f3, in turn, passes low-pass filter 42, and has its 
impedance matched to 50 ohms, and outputted. 
[0068] 

Here, traces of the impedances for frequencies f1, f2, f3 are shown in 
the Smith charts in Figs. 6 - 8. Fig. 6 shows a trace of point A, point B, and 
25 point C in Fig. 5; Fig. 7 shows a trace of point A, point B, point D, and point E in 
Fig. 5; and Fig. 8 shows a trace of point A, point B, point D, and point F in Fig. 
5. 
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[0069] 

For reference, the output impedance of amplifier 1 for use in portable 
telephones, wireless LAN and the like (impedance when amplifier 1 is viewed 
from point A in Fig. 5) is generally several ohms or less. When this is passed 
5 through impedance conversion circuit 21 common to three frequencies f1 , f2, f3, 
the impedance for frequency f1 at point B in Fig. 5 is converted to several tens 
of ohms (point B in Fig. 6). Further, by passing frequency f1 through high-pass 
filter 31 , the impedance for frequency f1 is converted to 50 ohms (point C in Fig. 
6). 

10 [0070] 

In this event, high-pass filter 31 is designed to only pass frequency f1 
but block frequency f2 and frequency f3. Low-pass filter 41 in turn is designed 
to block frequency f1 and passes frequency f2 and frequency f3. Therefore, 
the RF signal having frequency f2 and frequency f3 at point B in Fig. 5 is 
15 branched by high-pass filter 32 and low-pass filter 42, respectively. Here, the 
impedance for frequency f2 at point B, which is lower than the impedance for 
frequency f1 , is several ohms. 
[0071] 

Therefore, the RF signal having frequency f2 and frequency f3 is 
20 converted to several tens of ohms through low-pass filter 41 (point D in Fig. 7), 
and frequency f2 is further converted to 50 ohms through high-pass filter 32 
(point E in Fig. 7). 
[0072] 

High-pass filter 32 is designed to pass only frequency f2 and block 
25 frequency f3, so that the RF signal at frequency f3 is branched to low-pass filter 
42 at point D. The impedance for frequency f3 at point D several ten-ohms 
(point D in Fig. 8), and converted to 50 ohms (point F in Fig. 8) through 
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low-pass filter 42. 
[0073] 

In this way, Embodiment 2 comprises impedance conversion circuit 
21, high-pass filters 31, 32, and low-pass filters 41, 42 to match an RF signal 
5 having, for example, three frequencies f1 , f2, f3 to 50 ohms. As can be 
understood by seeing the traces of the impedances in Figs. 6 - 8, the 
impedance at each point monotonously increases toward the center of the 
Smith chart, so that the matching impedance to 50 ohms can be most efficiently 
achieved for each frequency band. 
10 [0074] 

Also, a higher frequency, which suffers from a larger loss caused by 
an RF signal passing impedance conversion circuit 21 and the like, passes a 
smaller number of stages of impedance conversion circuit 21 and the like, so 
that the influence due to signal loss can be eliminated as mentioned above. 
15 [0075] 

While impedance conversion circuits 22, 23 are omitted in 
Embodiment 2, this shows that, depending on conditions, they need not be 
used. 
[0076] 
20 (Embodiment 3) 

Fig. 9 is a diagram illustrating Embodiment 3 where the configuration 
of the high-frequency amplifier in Fig. 5 is modified, and Figs. 10-12 are 
diagrams for describing pass characteristics at respective points A - F in Fig. 9. 
[0077] 

25 In Embodiment 3, high-pass filters 31 , 32 and low-pass filters 41 , 42 

in Fig. 5 are each provided with a circuit for attenuating a particular frequency. 
Specifically, as illustrated in Fig. 9, LC parallel resonator circuit 41a is provided 
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in low-pass filter 41 , and its resonance frequency (=»1/2 n 7~LC) is set to be 
close to frequency f 1 . Likewise, LC parallel resonator circuit 42a is provided in 
low-pass filter 42, and its resonance frequency («1/2 n 7"LC) is set to be close 
to frequency f2. 
5 [0078] 

Here, because the impedance, when the branched circuit is viewed 
from point B, is extremely large for frequency f1 so that an RF signal at 
frequency f1 reaches point C in Fig. 6, the RF signal at frequency f1 can be 
efficiently delivered from an output terminal. Also, since frequency f1 is not 

10 introduce into an output terminal of frequency f2, the system will not be 
adversely affected. Likewise, because the impedance, when viewing the 
circuit branched after point D, is extremely large for frequency f2 so that an RF 
signal at frequency f2 reaches point E in Fig. 7, the RF signal at frequency f2 
can be efficiently delivered from an output terminal. 

15 [0079] 

Generally, each frequency can be reliably separated without fail by 
introducing a resonator circuit into m-th low-pass filter 4m which causes an 
increase in the impedance for m-th frequency fm. 
[0080] 

20 Also, as illustrated in Fig. 9, LC series resonator circuit 31a is 

provided in high-pass filter 31 , and its resonance frequency (=1/2 k V~LC) is set 
to be close to frequency f2. Likewise, LC series resonator circuit 32a is 
provided in high-pass filter 32, and its resonance frequency (=1/2 k V~LC) is set 
to be close to frequency f3. 

25 [0081] 

Here, since most of the RF signals at frequencies f2, f3, for example, 
that leak from point B to point C are grounded, no RF signals at frequencies f2, 
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f3 will be introduced into point C. For this reason, it is possible to efficiently 
extract the signal at frequency f 1 without adversely affecting the system. 
Likewise, since most of the RF signal at frequency f3, for example, that leaks 
from point D to point E, is grounded, no RF signal at frequency f2 will be 
5 introduce into point E. For this reason, it is possible to efficiently extract the 
signal at frequency f2 without adversely affecting the system. 
[0082] 

Generally, each frequency can be separated reliably by introducing a 
resonator circuit into m-th high-pass filter 3m for grounding (m+1)th frequency 
10 f(m+1) onward. 
[0083] 

Such a configuration is effective for portable telephones, i.e., GSM 
(Global System for Mobile Communication) which uses a 900 MHz band and 
DCS (Digital Cellular System) which uses a 1.8 GHz, wireless LAN, i.e., an 
15 IEEE802.1 1b/g standard system which uses a 2.4 GHz band, and an 
IEEE802.1 1a standard system which uses a 5 GHz band, and the like. 
[0084] 

In such a configuration, when the output impedance of amplifier 1 , for 
example, (5.0-j1.8) ohms, is converted to 50 ohms, the characteristics can be 

20 achieved as shown in Fig. 10. Specifically, Fig. 10 shows a reflection 

characteristic at point C in Fig. 9, and a pass characteristic from point A to point 
C. It can be seen that the amount of reflection is minimized at frequency 
f 1=5.2 GHz, as shown in Fig. 10(a), and the amount of passage is maximized 
as shown in Fig. 10(b). It can also be seen that at frequency f2=2.4 GHz, the 

25 amount of reflection is maximized shown Fig. 10(a), and the amount of passage 
is minimized shown Fig. 10(b). In other words, it is understood that the RF 
signal at frequency f1 is efficiently selected and extracted to point C in Fig. 9. 
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[0085] 

Fig. 1 1 in turn shows a reflection characteristic at point E and a pass , 
characteristic from point A to point E is shown in Fig. 9. It can be seen that at 
frequency f2=2.4 GHz, the amount of reflection is minimized as shown in Fig. 
5 1 1(a), and the amount of passage is maximum as shown in Fig. 1 1(b). It can 
be also seen that at frequency f1=5.2 GHz and at frequency f3=1 .8 GHz, the 
amount of reflection is maximized as shown in Fig. 1 1(a), and the amount of 
passage is minimized as shown in Fig. 1 1(b). In other words, it is understood 
that the RF signal at frequency f2 is efficiently selected and extracted to point E 
10 as shown in Fig. 9. 
[0086] 

Fig. 12 in turn shows a reflection characteristic at point F and a pass 
characteristic from point A to point F is shown in Fig. 9. It can be seen that at 
frequency f3=1.8 GHz, the amount of reflection is minimized as shown in Fig. 

15 12(a), and the amount of passage is maximized as shown in Fig. 12(b). It can 
be also seen that at frequencies f=1 .52 GHz and f2=2.4 GHz, the amount of 
reflection is maximized, and the amount of passage is minimized as shown in 
Fig. 12(b). In other words, it is understood that the RF signal at frequency f3 is 
efficiently selected and extracted to point F as shown in Fig. 9. 

20 [0087] 

(Embodiment 4) 

Fig. 13 is a diagram illustrating Embodiment 4 where the 
configuration of the high-frequency amplifier in Fig. 4 is modified . In 
Embodiment 4, ground switches 81 , 82, 83 are provided at output terminals 

25 corresponding to the respective frequencies in Fig. 4. 
[0088] 

Ground switch 81 turns on when a signal other than frequency f1 is 
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amplified and transmitted from an output terminal short-circuit on the load side 
between an output terminal of f1 and a ground, thereby preventing unwanted 
waves such as signals other than frequency f1 and harmonics thereof and the 
like from leaking to the load side from the output terminal of f1 . Conversely, 
5 ground switch 81 turns off when the high frequency amplifier amplifies the 

signal at frequency f1, and transmits the signal from the output terminal of f1 to 

the load side. 

[0089] 

Ground switch 82 turns on when a signal other than frequency f2 is 
10 amplified and transmitted from an output terminal to short-circuit in the load side 
between an output terminal of f2 and a ground, thereby preventing unwanted 
waves such as signals other than frequency f2 and harmonics thereof and the 
like from leaking to the load side from the output terminal of f2. Conversely, 
ground switch 82 turns off when the high frequency amplifier amplifies the 
1 5 signal at frequency f2, and transmits the signal from the output terminal of f2 to 
the load side. 
[0090] 

Ground switch 83 turns on when a signal other than frequency f3 is 
amplified and transmitted from an output terminal to short-circuit on the load 

20 side between an output terminal of f3 and a ground, thereby preventing 

unwanted waves such as signals other than frequency f3 and harmonics thereof 
and the like from leaking to the load side from the output terminal of f3. 
Conversely, ground switch 83 turns off when the high frequency amplifier 
amplifies the signal at frequency f3, and transmits the signal from the output 

25 terminal of f3 to the load side. 
[0091] 

Specifically, in Embodiment 4, output terminals corresponding to 
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frequencies that are not amplified are grounded by the switches to restrain 
unwanted waves such as signals in other frequency bands and harmonics 
thereof and the like from leaking to the load side, thereby preventing the system 
from being adversely affected. In this way, by performing the branching of 
5 signals having a plurality of frequency bands and conversion to the load 

impedance sequentially from the highest frequency to lower frequencies, and 
further by combining the switches for grounding the output terminals, the effect 
of removing unwanted waves leaking to output terminals not in use is 
significantly improved to stabilize the operation of the system, as compared with 
10 conventional configurations illustrated in Figs. 2 and 3. 
[0092] 

Also, in the conventional example illustrated in Fig. 2, switch 5 is 
required to provide both characteristics of a low loss, for not attenuating a signal 
to be amplified and delivered, and high isolation for not leaking unwanted waves 

15 to the other output terminal not in use, which is technically extremely difficult, 
whereas in the configuration of the present invention, the ground switches are 
only required to ground unwanted waves, so that the loss is not problematic 
even if it is large to some degree, and only the isolation is important. Thus, 
additional advantages are a performance requirement for the switches that is 

20 low and technically easy to implement. 
[0093] 

Here, control signals for turning the ground switches on/off can be 
received, for example, from the baseband. For reference, either field effect 
transistors or PIN diodes may be used for the switches. 
25 [0094] 

(Embodiment 5) 

Fig. 14 is a diagram illustrating Embodiment 5 which is a modification 



-27- 

made to the embodiment of the high frequency amplifier in Fig. 9. Figs. 1 5 and 
16 are diagrams for describing how impedance ZA, when the load is viewed 
from amplification terminal A, varies by combinations of on/off of ground 
switches 81, 82, 83 in Fig. 14, and Fig. 17 is a diagram for describing the 
5 secondary effect of above combinations. 
[0095] 

In Embodiment 5, ground switch 81 is provided at an output terminal 
corresponding to frequency f1 in Fig. 9; ground switch 82 at an output terminal 
corresponding to frequency f2; and ground switch 83 at an output terminal 
10 corresponding to frequency f3. , 
[0096] 

When a signal at frequency f1 is amplified and transmitted from the 
output terminal to the load side, switch 81 is turned off, while switches 82 and 
83 are turned on for grounding. 
15 [0097] 

Likewise, when a signal at frequency f2 is amplified and transmitted 
from the output terminal to the load side, switch 82 is turned off, while switches 
81 and 83 are turned on for grounding. 
[0098] 

20 Likewise, when a signal at frequency f3 is amplified and transmitted 

from the output terminal to the load side, switch 83 is turned off, while switches 
81 and 82 are turned on for grounding. 
[0099] 

By doing so, unwanted signals are restrained from leaking to the load 
25 side from output terminals through which no signal is transmitted to the load 
side, so that the system is not adversely affected. 
[0100] 
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Such a configuration is effective for portable telephones, i.e., GSM 
(Global System for Mobile Communication) which uses a 900 MHz band and 
DCS (Digital Cellular System) which uses a 1.8 GHz, wireless LAN, i.e., an 
IEEE802.1 1b/g standard system which uses a 2.4 GHz band, and an 
5 IEEE802.1 1a standard system which uses a 5 GHz band, and the like. 
[0101] 

Shown in Fig. 15 is a Smith chart that represents the impedance 
when the load is viewed from point A in Fig. 14 while a signal at frequency 
f2=2.4 GHz is being amplified with all switches 81, 82, 83 being turned off (i.e., 
10 the same state as Fig. 9). 
[0102] 

Shown in Fig. 16 is a Smith chart showing impedance ZL when the 
load is viewed from point A in Fig. 14 while a signal at frequency f2=2.4 GHz is 
being amplified with switch 82 alone being turned off, and switches 31 and 83 
15 being turned on to ground the output terminals for f1 =5.2 GHz and f2=1.8 GHz. 
[0103] 

In comparing of both, the impedance for f2=2.4 GHz remains 
unchanged at (9.3+j8.8)Q , however, in comparison with the impedance for 4.8 
GHz corresponding to twice as high as f2=2.4 GHz, the impedance (7.8+j1 .4) Q 

20 in Fig. 15, whereas it is (0.0056+j2.0) Q which represents a condition close to a 
short-circuit. This is because the impedance for frequencies near 2 GHz 
approaches the short-circuit condition by grounding f 1=5.2 GHz through switch 
81 . Generally, in a high-frequency amplifier, when the short-circuit condition is 
established at the impedance for a second harmonic frequency that is as high 

25 as a frequency of a signal to be amplified, an output voltage amplitude 

waveform approaches an ideal sine wave, and surplus power consumption is 
restrained in amplifier 1, thus improving the efficiency. 
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[0104] 

Shown in Fig. 17 is the output power characteristics at f2=2.4 GHz 
corresponding to the cases where switches 81, 82, 83 in Fig. 15 are all turned 
off (filled) and where switches 81 and 83 in Fig. 16 are turned on (outlined). 
5 When switches 81 and 83 are turned on, the maximum efficiency is improved by 
5 % or more from 41 .7 % to 47.2 %. This is because impedance ZL at 4.8 
GHz that corresponds to an impedance second harmonic frequency that is as 
f2=2.4 GHz, viewed from point A in Fig. 14, approaches the short-circuit 
condition by turning switch 81 on to ground the output terminal for f 1=5.2 GHz. 
10 [0105] 

Specifically, the configuration illustrated in Fig. 14 is also expected to 
produce a secondary effect of improving the efficiency of the amplifier in 
addition to the effect of preventing unwanted waves from leaking to unused 
output terminals. Generally, in the implementation of Fig. 13, when a signal 

1 5 including a plurality of frequency bands includes frequency fk corresponding to 
(1 .5 to 2.5) times as high as an m-th frequency, the impedance for a second 
harmonic frequency that is as high as frequency fm approaches the short-circuit 
condition by grounding an output terminal for frequency fk while frequency fm is 
being amplified, thus resulting in the secondary effect of improving the efficiency 

20 of the high-frequency amplifier when fm is being amplified. 
[0106] 

Combinations of applications, for which such an effect is expected, 
may be combinations of IEEE802.11b/g (2.4 GHz) of wireless LAN with 
IEEE802.11a (4.9 - 5.8 GHz), and GSM (880 - 915 MHz) with DCS(1.71 - 1.78 
25 GHz), PCS (1 .85 - 1 .91 GHz), WCDMA (Wideband Code Division Multiple 
Access: 1.92 - 1.98 GHz), and the like. 
[0107] 
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(Embodiment 6) 

Fig. 18 is a diagram illustrating Embodiment 6 which is a modification 
made to the high frequency amplifier of Fig. 14. 
[0108] 

5 In Embodiment 6, output terminal C for frequency band f1 is provided 

with ground switch 81 through transmission line 91 which has the same 
characteristic impedance Z0 as the load impedance (for example, 50 ohms) of 
the system, and a length corresponding to phase rotation 0 1. In this event, 
phase rotation amount 6 1 is adjusted such that impedance ZL, when the load 
10 is viewed from output A of the amplifier, establishes the short-circuit condition in 
frequency band f1 when ground switch 81 is turned on. 
[0109] 

Likewise, output terminal E for frequency band f2 is provided with 
ground switch 82 through transmission line 92 which has the same 

15 characteristic impedance Z0 as the load impedance (for example, 50 ohms) of 
the system and a length corresponding to phase rotation 6 2. In this event, 
phase rotation amount 0 2 is adjusted such that impedance ZL, when the load 
is viewed from output A of the amplifier, establishes the short-circuit condition in 
frequency band f2 when ground switch 82 is turned on. 

20 [0110] 

Likewise, output terminal F for frequency band f3 is provided with 
ground switch 83 through transmission line 92 which has the same 
characteristic impedance Z0 as the load impedance (for example, 50 ohms) of 
the system and a length corresponding to phase rotation 0 3. In this event, 
25 phase rotation amount 0 3 is adjusted such that impedance ZL, when the load 
is viewed from output A of the amplifier, establishes the short-circuit condition in 
frequency band f3 when ground switch 83 is turned on. 
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[0111] 

By employing such a configuration, the short-circuit condition in 
which the second harmonic .secondary effect of Fig. 14, shown in Figs. 15-14, 
is more correctly satisfied, thus making the effect more prominent. 
5 [0112] 

(Embodiment 7) 

Fig. 19 is a diagram illustrating Embodiment 7 which is a modification 
to the configuration of Fig. 5. 
[0113] 

10 In Fig. 5, the separation of frequencies f1 - f3 is accomplished by a 

combination of low-pass filters 41 , 42 and high-pass filters 31 , 32, whereas in 
Embodiment 7, this is implemented by active switches. 
[0114] 

Specifically, as illustrated in Fig. 19, field effect transistors 51, 52, 53 
15 are used at the stages previous to auxiliary impedance conversion circuits 71, 
72, 73 as active switches. 
[0115] 

In such a configuration, when frequency f1 is amplified, Vg1 of field 
effect transistor 51 is turned on while Vg2 of field effect transistor 50 and Vg3 of 

20 field effect transistor 53 are turned off. When frequency f2 is amplified, Vg2 of 
field effect transistor 52 is turned on while Vg1 of field effect transistor 81 and 
Vg3 of field effect transistor 53 are turned off. When frequency f3 is amplified, 
Vg3 of field effect transistor 53 is turned on while Vg1 of field effect transistor 51 
and Vg2 of field effect transistor 52 are turned off. 

25 [0116] 

Here, since field effect transistors 51, 52, 53, which are active 
switches, do not have the ability to convert impedance, auxiliary impedance 
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conversion circuits 71, 72, 73 are provided between field effect transistor 71, 72, 

73 and output terminals, respectively. 

[0117] 

Thus, since Embodiment 7 is configured to employ field effect 
5 transistors 51 , 52, 53 as active switches at the stages previous to auxiliary 
impedance conversion circuits 71, 72, 73, the conversion to a high impedance 
and branching in accordance with the level of the frequency can be carried out 
as described above. 
[0118] 

10 While Embodiment 7 has been described in connection with the 

configuration in which field effect transistors 51, 52, 53 are used at the stages 
previous to auxiliary impedance conversion circuits 71, 72, 73 as active 
switches, field effect transistors 51, 52, 53 may be replaced with PIN diodes. 
[0119] 

15 (Embodiment 8) 

Fig. 20 is a diagram illustrating Embodiment 8 which is a modification 
to the configuration of Fig. 4. 
[0120] 

In Fig. 4, amplifier 1 is provided on its output side with impedance 
20 conversion circuits 21, 22, 23, auxiliary impedance conversion circuit 7n, 
high-pass filters 31, 32, 33, and low-pass filters 41, 42, 43, whereas 
Embodiment 8 shows the case where they are also provided on the input side. 
For reference, impedance conversion circuits 21, 22, 23, ... provided on the 
input side of amplifier 1 make up second impedance converting means, and 
25 high-pass filters 31, 32, 33 and low-pass filters 41, 42, 43, ... provided on the 
input side of amplifier 1 make up second branching means. 
[0121] 
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ln such a configuration, as n different frequencies f1, f2, fn 
(f1>f2> ... >fn) are applied from their respective input terminals, amplifier 1 
amplifies an RF signal which includes frequencies f1, f2, fn, the impedances 
of which have been converted by respective impedance conversion circuits 21, 
5 22, 23, and auxiliary impedance conversion circuit 7n is provided on the 
input side of amplifier 1 , in a manner similar to that described above, followed 
by conversion to a high impedance and branching in accordance with the level 
of the frequency, which are performed as described above up to the lowest 
frequency fn. 
10 [0122] 

In this way, in Embodiment 8, since amplifier 1 is provided on its 
input side with impedance conversion circuits 21, 22, 23, auxiliary 
impedance conversion circuit 7n, high-pass filters 31, 32, 33, and low-pass 
filters 41, 42, 43, conversion to a high impedance and branching in 
15 accordance with the level of the frequency can be carried out as described 
above. 
[0123] 

(Embodiment 9) 

Fig. 21 is a diagram illustrating Embodiment 9 which is a modification 
20 to the configuration of Fig. 4. 
[0124] 

As illustrated in Fig. 21, Embodiment 9, which shows the case where 
three different frequencies f1, f2, f3 (f1>f2>f3) are applied, comprises amplifiers 
1,11, impedance matching circuit 2, impedance conversion circuits 21, 22, 
25 high-pass filters 31, 32, low-pass filters 41 , 42, and auxiliary impedance 

conversion circuit 73 on the input side of impedance matching circuit 2. Here, 
amplifier 1 constitutes a second amplifier. 
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[0125] 

In such a configuration, only frequency f1 is matched by impedance 
matching circuit 2, and is then combined with other frequencies f2, f3 in 
impedance conversion circuit 21 after it has been further amplified by amplifier 
5 11. In other words, the aforementioned circuit for performing the conversion to 
a high impedance and the branching in accordance with the level of the 
frequency is incorporated between multi-stage amplifiers 1,11 connected in 
cascade. 
[0126] 

10 Here, as an example in which such a configuration is effective, a 

combination of wireless LAN with a portable telephone is given. Here, for 
example, frequencies f1, f2, f3 fall within a 5 GHz band used by wireless LAN 
IEEE802.11a standard (frequency f1); a 2.4 GHz band used by IEEE802.11b/g 
(frequency f2); and a 1 .8 GHz band used by portable telephone DCS (frequency 

15 f3). 

[0127] 

Generally, since a gain per amplifier stage is lower at higher 
frequencies, amplification stages must be increased, but in this example, a 
three-stage amplification configuration is employed only for the wireless LAN at 
20 frequency f1 in the 5 GHz band, and a two-stage amplification configuration is 
employed for frequencies f2, f3. 
[0128] 

In this way, in Embodiment 9, since amplifiers 1,11, impedance 
matching circuit 2, impedance conversion circuits 21, 22, high-pass filters 31, 32, 
25 low-pass filters 41 , 42, and auxiliary impedance conversion circuit 73 are 

provided on the input side of impedance matching circuit 2, as indicated by the 
dotted line that surrounds with them, a stable amplification operation is 
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achieved, for example, with a desired gain produced at 5 GHz and without an 
unnecessarily high gain at low frequencies. The number of amplifiers 1,11 
and the positions at which they are arranged are not limited to this example, 
and can be modified as appropriate by allowing an optimal gain to be produced 
5 depending on the application. 
[0129] 

(Embodiment 10) 

Fig. 22 is a diagram illustrating Embodiment 10 which is a 
modification to the configuration of Fig. 4. 
10 [0130] 

In Embodiment 10, the size and number of stages of amplifiers are 
changed in accordance with the output power, and amplifier 1 1 , auxiliary 
amplifier 13, and auxiliary impedance conversion circuits 71, 72, 73 are 
incorporated on the output side of impedance conversion circuit 21 , as 
15 illustrated in Fig. 22. 
[0131] 

In such a configuration, an RF signal including three different 
frequencies f1, f2, f3 (f1>f2>f3) is amplified by amplifier 1 1, followed by 
conversion to a high impedance and branching in accordance with the level of 
20 the frequency, which are performed as described above. 
[0132] 

Here, respective frequencies f1, f2, f3 are converted to 50 ohms 
through auxiliary impedance conversion circuits 71, 72, 73, and delivered from 
their respective output terminals. However, only frequency f3 is further 
25 amplified by auxiliary amplifier 1 3. 
[0133] 

As an example in which such a configuration is effective, a 
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combination of wireless LAN with a portable telephone is given. Here, 
frequencies f1 , f2 are assigned to wireless LAN signal of the IEEE802.1 1a/b/g 
standards, and frequency f3 is assigned to a portable telephone signal of the 
GSM standard. 
5 [0134] 

While the output power required for amplifier 11 is on the order of 0.3 
watts in the former, the output power required for amplifier 1 1 in the portable 
telephone of the GSM standard is 2 - 3 watts, approximately ten times as much 
as the former. If both are to be amplified by the same amplifier 1 1 , amplifier 1 1 
10 will suffer from a lower efficiency when it generates small power. 
[0135] 

Thus, by employing a configuration which performs conversion to a 
high impedance and branching in accordance with the level of the frequency as 
in Embodiment 10, an appropriate size of auxiliary amplifier 13 is selected in 
15 each application, so that a high efficiency can be achieved for respective 
frequencies f1, f2, f3. 
[0136] 

In this way, since the size and number of stages of amplifiers are 
changed in accordance with the output power in Embodiment 10, an 

20 appropriate size of auxiliary amplifier 13 is selected in each application, so that 
high efficiency can be achieved for respective frequencies f 1 , f2, f3. The 
position at which auxiliary amplifier 13 is arranged, and the number thereof are 
not limited to this example, but can be changed as appropriate such that 
appropriate output power can be produced depending on the application. 

25 [0137] 

While Embodiments 8, 6 have been described in connection with the 
configuration which also comprises impedance conversion circuits 21, 22, 23, 
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auxiliary impedance conversion circuits 73, 7n, high-pass filters 31, 32, 33, 
low-pass filters 41, 42, 43, and the like provided on the input side of amplifier 
1 in addition to the output side thereof, impedance conversion circuits 21 , 22, 
23, auxiliary impedance conversion circuits 73, 7n, high-pass filters 31, 32, 

5 33 low-pass filters 41 , 42, 43 and the like may be provided only on the 

input side of amplifier 1 , such that an RF signal including a plurality of 
frequencies (f 1 >f2> ... >fm> ... >fn) is extracted from a single output terminal 
after it has been amplified by amplifier 1 , not limited to these examples. 



